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Abstract. — Many species of Pseudodiaptomus are known from the southeast 
Asia region. An ongoing review of this genus has produced 58 species from 
the eastern Indian Ocean and western Pacific Ocean coasts, from Japan to 
Australia. Range extensions for P. ornatus and P. andamanensis are noted for 
Australia and Japan, and for Thailand respectively. The previously unknown 
male of P. ornatus and the female genital structure of both species are de- 
scribed; the zoogeography of the genus is discussed. 



Pseudodiaptomidae Sars (1902) contains 
three recognized genera, two of which are 
monotypic and freshwater, Archidiaptomus 
aroorus Madhupratap & Haridas, 1978 re- 
ported only from Cochin, India and Cal- 
anipeda aquaedulcis Kritschagin, 1873 
which appears to be restricted to the Euro- 
pean continent and Ponto-Caspian region. 
Poppella guerni Richard, 1888 and Siatella 
durbini Labbe, 1927 have been synony- 
mized with C. aquaedulcis. The genus 
Pseudodiaptomus Herrick, 1884 currently 
consists of 74 species extending world-wide 
(approximately 50°N-50°S). Species are 
found in shallow, coastal, freshwater to hy- 
persaline conditions, and they are demersal. 
Mazellina Rose, 1957, Schmackeria Poppe 
& Richard, 1890, Weismannella Dahl, 
1894, and Heterocalanus T. Scott, 1894 are 
synonyms of Pseudodiaptomus . 

Species of Pseudodiaptomus have very 
similar mouthparts; swimming legs rarely 
vary in shape, spination or setation and are 



of little use in the determination of species. 
The main characters used to distinguish the 
species are: fusion or not of the cephalo- 
some and first pedigerous somite, shape of 
fifth pedigerous somite, urosome shape and 
ornamentation, especially the female genital 
double somite, and the fifth swimming leg 
(leg 5) of males and females. 

Pseudodiaptomus ornatus and P. anda- 
manensis, redescribed in this paper, belong 
to the Improcerus species group as defined 
by Walter (1986a). The left male leg 5 has 
a simple left endopod that is usually large 
and variably spatulate, while the female leg 
5 basis possesses small, bluntly triangular 
processes at the distomedial corners. Re- 
descriptions are necessary because P. or- 
natus (Rose 1957) was previously known 
only from females and P. andamanensis 
Pillai, 1980 requires a more detailed de- 
scription and report of range extension. The 
use of the Scanning Electron Microscope 
(SEM) has revealed some additional fea- 



VOLUME 1 15, NUMBER 3 



651 



tures especially for the female genital aper- 
ature structures. The collections of demersal 
plankton from Japan and Thailand, from 
Australia and from the Philippines provide 
specimens for this research, as well as for 
several new species to be described in sub- 
sequent papers. 

The United States National Museum is 
abbreviated USNM. All measurements 
were done with a calibrated ocular micro- 
meter in millimeters. Morphological termi- 
nology basically follows that of Huys & 
Boxshall (1991). Prosome length was mea- 
sured laterally from the cephalon to the pos- 
terior margin of the prosome, and urosome 
length was measured from the insertion 
point to the distal tip of the caudal rami. 
Because the posterior corners of the fifth 
pedigerous somite overlap the prosome- 
urosome articulation, total length may be 
less than combined lengths of prosome and 
urosome. Mouthparts and swimming legs 
1-4 are not described because they do not 
differ from those reported by Reddy & Rad- 
hakrishna (1982), Nishida (1985), Walter 
(1986a) and Soh et al. (2001). 

General description of the species . — The 
following characteristics are common to 
both species. Cephalosome separate from 
first pedigerous somite, somites 4-5 com- 
pletely fused dorsally, with posteriorly di- 
rected processes on each side of the artic- 
ulation between prosome and urosome. 
Male fused somite with rounded posterior 
corners. Female urosome comprised of 4 
somites, the first to third with row of small 
dorsoposterior scale-like spines, genital 
double somite ventral surface with paired 
genital flaps, spinule rows anterior to gon- 
opore, pair of posterior spinulose hair-sen- 
sillae, and pair of fine setae. Genital double 
somite without seminal receptacles, with 1 
or 2 pairs of hair-sensillae present ventro- 
laterally. Single egg sac. Male urosome of 
5 somites, the second to fourth with row of 
small dorsoposterior scale-like spine rows. 

Female and left male antennule with 21 
segments; male right antennule with 20 seg- 
ments, segment 6 is a compound segment 
with a suture visible (Fig. 5E). Female and 



left male antennule, segment 19 has a mod- 
ified “barbed seta” which is a heavily chi- 
tinized spine, serrate along distal half and 
extending to almost the tip of segment 21 
(Fig. 5F). Armature elements for segments 
1-13, 16, 20, 21 as follows [segment num- 
ber = seta(e) number + (spine or process)]: 
1 =3, 2 = 3, 3~3 + (l rudimentary), 4— 
5 = 3, 6 = 3 + (l spiniform), 7-8 = 2, 9 
= 2 + (1 spiniform), 10-16 = 2, 17-18 = 
1, 19 = 1 + (1 distally serrate spiniform), 
20 = 1 + (1 rudimentary), 21 = 6 with 
aesthetasc. Male right antennule: 7-9 seg- 
ments irregularly modified, geniculation be- 
tween 17-18 segments. Armature elements 
as follows: segments 1-3, 6, 8-13, 15, 19- 
20 with aesthetasc. 1 = 2 + (1 rudimenta- 
ry), 2 = 3, 3 = 2, 4 = 1, 5 = 3 + (1 
rudimentary), 6 = 3, 7 = 1 + (1 spiniform), 
8-10 2, 11-12 = 2 + (1 spiniform), 13 

= 2, 14-15 = 2 + (1 spiniform), 16=1 
+ (1 process), 17 = 1 + (comb-row pro- 
cess, Fig. 4A), 18 = 2 + (1 rudimentary, 1 
large spiniform), 19 = 2 + (2 rudimentary), 
20 = 6. Proximal spiniform seta on 12th 
segment recurved, reaching distal margin of 
segment 13. 

Female leg 5 both coxae fused with in- 
tercoxal sclerite to form a common base 
(anterior surface with proximal setae), basis 
asymmetrical with 2 pairs of small surface 
setae and one large setulose seta. Exopods 
3-segmented, segments 1-2 with distolater- 
al spine, segment 1 with 2 pairs of small 
surface setae, and medial surface lined with 
fine setules. Segments 2—3 acutely pro- 
duced distally, segment 2 with pair of fine 
surface setae, segment 3 spine-like with 
small proximomedial process, all fringed 
with setules. Male urosome of 5 somites, 
somites 2—4 with row of small posterodor- 
sal, scale-like spine rows. Male leg 5 asym- 
metrical, in posterior view coxae and inter- 
coxal sclerite fused to form common base, 
distomedial corners acute, (anterior surface 
with proximal setae). Basis with 2 small 
surface setae, one large setulose seta and 
lateral spinule row that continues onto an- 
terior surface at mid-length (both legs with 
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Fig. 1. Pseudodiaptomus ornatus, female (A-D). A, Habitus, dorsal view; B, Habitus, left lateral view; C, 
Genital double somite, ventral view; D, Leg 5, posterior view. Scale bars; A-B, scale — 1.0 mm, C-D, scale = 
0.1 mm. 



anteriorly inserted endopods). Right endo- 
pod short with terminal seta and left endo- 
pod larger with variable shape. Right leg: 
3-segmented exopod, segment 1 with acute- 
ly produced distolateral margin and 3 sur- 
face setae, segment 2 with distolateral spine 
and 2 surface setae, segment 3 simple, 
proximal end swollen medially, curved and 
setulose, with 2 proximal surface setae. Left 
leg: 2-segmented exopod, segment 1 with 



large elongate distolateral spine and 2 small 
surface setae, segment 2 large, variably 
shaped, with lateral spine and 6-8 surface 
setae (anterior surface with fine spinule 
patches). 

Pseudodiaptomus ornatus (Rose, 1957) 
(Figs. 1 A-D, 2A-E, 3 A-B, 4A-C) 

Mazellina ornata Rose, 1957:332-336, figs. 
10-12 (female only). 
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Fig. 2. Pseudodiaptomus ornatus, male (A-E). A, Habitus, dorsal view; B, Habitus, left lateral view; C, 
Urosomites 1-2, ventral view; D, Leg 5, posterior view; E, Leg 5, anterior view. Scale bars: A-B, scale = 1.0 
mm, C, scale = 0.5 mm, D-E, scale = 0.1 mm. 
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Fig. 3. Pseudodiciplomus ornatus, female (A-B). A, Genital double somite, ventral view; B, Leg 5, posterior 
view; Scale bars: A-B, scale = 0.1 mm. 



Pseuclodiaptomiis ornatus Walter, 1986a: 
141-142, fig. 5A-D (female only). 

P seudodiaptomus trispinosns Walter, 
1986a: 142-144, fig. 6E-I (male only), 
[new synonomy]. 

Material. — P. ornatus North Pacific 
Ocean, Japan, Okinawa Islands, Kerama 
Retto, Agenasiku Island, coll, by S. Oht- 



suka, 4-9 m, 20 May 1989, USNM 250697, 
22 females, 29 males; Okinawa Islands, 
Aguni Island, coll, by S. Ohtsuka, 9-12 m, 
30 May 1999, USNM 288078, 2 females, I 
male; Okinawa Islands, Aguni Island, coll, 
by S. Ohtsuka, 9-12 m, 30 May 1999, 
USNM 309756, 1 male; Philippines, Luzon 
Island, Quezon province, Tayabas Bay, Pa- 
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Fig. 4. Pseudodiaptomus ornatus, male (A-C). A, Antennule at geniculation of segments 17-18; B, Leg 5, 
posterior view, arrow indicates produced right basis proximomedial corner; C, Leg 5, anterior view. Scale bars: 
A, scale = 0.05 mm, B-C, scale = 0.1 mm. 



dre Burgos, 13°53'N 112°47'E, coral reef, 
coll, by T. C. Walter, 3 m, 10 January 1981, 
USNM 210656, 1 female; USNM 210657, 
2 females (leg 5 on slide); South Pacific 
Ocean, Australia, Queensland, Great Barri- 
er Reef, Davies Reef, coll, by A. D. 
McKinnon, 8 m, 01 December 2000, 
USNM 310675, 2 females, 2 males. Pseu- 
dodiaptomus trispinosus, North Pacific 
Ocean, Philippines, Luzon Island, Quezon 
province. Padre Burgos, coll, by T. C. Wal- 
ter, 3 m, 7-10 January 1981, USNM 



210660, 1 male, holotype, USNM 210662, 
3 males, paratypes. 

Description . — Female (Figs. 1A-D, 3A- 
B, Table 1). Additions to Walter’s (1986a) 
description as follows. Genital double so- 
mite asymmetrical with 2 pairs of dorsal se- 
tae, right anterolateral surface slightly pro- 
duced forming a knob-like process at mid- 
length, left anterolateral surface more 
strongly produced with a double knob-like 
process extending onto dorsal surface and 
forming U-shaped cleft between knobs 
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Table 1. — Body measurements of P. ornatus and P. andamanensis. (No. = number of specimens measured, 
x = average length of individuals measured, Pr x = prosome, average length in (mm), Ur x — urosome, average 
length in (mm), Pr : Ur = prosome : urosome ratio. 



Sex No. Length (mm) x Pr x Ur x Pr : Ur 



P. ornatus 
Okinawa 



Female 


22 


2.30-2.38 


2.34 


1.62 


0.75 


2.1:1 


Male 


29 


1.95-1.99 


1.97 


1.30 


0.60 


2.2:1 


Philippines 


Female 


3 


2.10-2.32 


2.20 


1.58 


0.73 


2.1:1 


Male 


4 


1.86-1.90 


1.88 


1.28 


0.58 


2.2:1 


Australia 


Female 


2 


2.40-2.50 


2.45 


1.70 


0.78 


2.2:1 


Male 


2 


2.02-2.10 


2.06 


1.48 


0.66 


2.2:1 


P. andamanensis 


Female 


1 


2.19 


2.19 


1.50 


0.72 


2.0:1 


Male 


1 


1.80 


1.80 


1.24 


0.60 


1.9:1 



(knobs and cleft absent on swollen process 
of Australian specimens), 2 pairs of dor- 
soanterior setae and 3 lateral setae on each 
side. Posterodorsal margin of somite with 
incomplete row of small triangular scale- 
like spines on specimens from Japan and 
Philippines; Australian specimens with a 
complete row of spines and additionally, 
urosomite 2 with an incomplete spine row. 
Ventral surface of genital double somite, 
left side (Figs. 1C, 3A) with 2 medially di- 
rected, large, curved spiniform processes 
protruding from swelling above gonopore, 
2 anterior rows of spinules, on medial and 
on right side, and a slightly asymmetrical 
pair of posteriorly directed lamelliform pro- 
cesses at base of paired gonopores, left pro- 
cess slightly longer. Urosomites and caudal 
rami with proportions 30:15:20:13:22 = 
100. Antennule as in P. andamanensis (Fig. 
5E) except without fine anterior spinules on 
segment 1. Leg 5 slightly asymmetrical, 
posterior view (Figs. ID, 3B), with disto- 
medial corners of coxae acute, distomedial 
corner of left basis produced distally to 
form an elongate process, distomedial cor- 
ner of right basis rounded. Exopod segment 
1 (left and right) medial margin lined with 
fine setules and 2—3 small distolateral spi- 
nules between spine and exopod segment 2. 



Male: (Figs. 2A-E, 4A-C, Table 1). 
Body similar to that of female. Urosomite 
1, right lateral surface slightly produced at 
midlength with single seta, ventral surface 
with several fine posterior setae (Fig. 2C) 
on right side only on specimens from Japan; 
specimens from Philippines with 3 setae, 
setae lacking on the Australian specimens. 
Length of spermatophore more than half the 
length of prosome. Urosomite 4 with pos- 
terodorsal spine row incomplete ventrally 
as in original description. Urosomites and 
caudal rami with proportions 11:22:18:18: 
11:20 = 100. Right A1 armature at geni- 
culation shows modified comb-row process 
on segment 17, anterior surface with small 
proximal and large distal curved spiniform 
processes on segment 18 (Fig. 4A). 

Leg 5, posterior view (Figs. 2D, 4B), 
right leg, basis with proximomedial corner 
largely produced with small distomedial 
seta, endopod anteriorly placed (Figs. 2E, 
4C), short, digitiform, tapering distally with 
terminal spiniform setule. Exopod segment 
1, distolateral corner produced distally 
reaching base of lateral spine of segment 2, 
armed with several small spinules proxi- 
mally and medially setulose. Segment 2 
with distolateral patch of fine surface spi- 
nules. Left leg, proximomedial corner of 
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basis rounded with endopod anteriorly 
placed (Figs. 2E, 4C), proximally swollen, 
long, tapering distally, with few fine spi- 
nules at rounded apex, reaching % the 
length of second exopodal segment. Exo- 
pod segment 1, small, triangular with lateral 
spine elongate and distally directed, with 
fine setules along distomedial margin. Seg- 
ment 2 elongate with 8 surface setae and 
distolateral spine, distal third of segment 
hyaline in appearance marked by distal line 
(Fig. 2D,E). This segment variably shaped 
depending on view, in lateral view appears 
medially curved (Fig. 4B) from proximal 
end to midlength. 

Remarks. — Rose (1957) established the 
new genus and species Mazellina ornata 
collected from Vietnam, based on his ob- 
servations of the modified setae on the dis- 
tal segments of the maxilliped. These mod- 
ified setae are not unique to this genus and 
species, but are present in all species of the 
genus Pseudodiaptomus. The species was 
based only on the female. Rose reported fe- 
males of 2.00 mm in length, which is slight- 
ly smaller than the size of specimens in this 
paper which ranged from 2.10-2.50 mm; 
the largest specimens are from Australia. 
Amendments to the redescription of P. or- 
natus by Walter (1986a) are as follows: 
ventral surface of female genital double so- 
mite with recurved pair of spines arising 
from a process on the left side anterior to 
the genital aperature; posterodorsal scale- 
like spines incompletely developed in spec- 
imens from Japan and Philippines, but com- 
plete in Australian specimens; female leg 5 
basis with triangular process on the left leg, 
not right as stated in Walter (1986a). 

The female specimens of P. ornatus stud- 
ied by Rose are not extant (pers. comm. Dr. 
R. Vaissiere, Musee Oceanographique, 
Monaco). The redescription (Walter 1986a) 
of P. ornatus was based on female speci- 
mens only. In the same paper, the closely 
related new species P. trispinosus Walter, 
1986 was described based on both females 
and males. The co-occurrences of females 
and males of P. ornatus in the present study 



indicate that the female allotype of P. tris- 
pinosus is not conspecific with the male ho- 
lotype. The USNM male holotype and fe- 
male allotype of P. trispinosus will retain 
their same USNM numbers and the original 
name, which is now a synonym of P. or- 
natus. Future collecting in the Philippines 
or adjacent areas of the Indo-Pacific should 
result in the discovery of the male which is 
conspecific with the now unnamed female 
allotype incorrectly referred to as P. tris- 
pinosus in Walter (1986a). 

The original description of the male of P. 
ornatus (described as P. trispinosus Walter, 
1986a) is amended as follows: Urosomite 1 
right ventral surface with row of posterior 
setae (not present on Australian specimens), 
three small posterior setae (not spines) on 
the right lateral surface of urosomite 1 of 
Philippine specimens, urosomite 1 of spec- 
imens from Japan and Australia with one 
right lateral seta, leg 5 coxae are without 
distoposterior or proximoanterior spinule 
rows. The range of P. ornatus extends from 
the Okinawa Islands, Japan to Queensland, 
Australia. 

Pseudodiaptomus andamanensis Pillai, 
1980 

Figs. 5-8 

Pseudodiaptomus andamanensis Pillai, 

1980:256-260, fig. 3. — Ohtsuka et al., 
2000:135-137, fig. 4. 

Material. — Indian Ocean, Andaman Sea, 
Thailand, Ko Aew Island, Phuket Island, 
coll, by S. Ohtsuka, 9—13 m, 19 December 
1997, coral sandy bottom, 1 female, 1 male, 
USNM 253015. 

Description. — Female (Figs. 5A-E, 7 A— 
C, 8A-B, Table 1) body robust, with red- 
colored naupliar eye. Pedigerous somite 5, 
posterodorsal corners acute with right lat- 
eral posterior corner slightly smaller, with 2 
dorsolateral acutely pointed posteriorly di- 
rected processes, minute setules along pos- 
terodorsal margin between dorsolateral pro- 
cesses (Fig. 5A— B). Genital double somite 
(Figs. 5C, 7A-C) with acute anterodorsal 
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process on right side, posteriorly directed 
reaching proximal third of somite, ventral 
surface with 4 rows of spinules at mid- 
length, right posteroventral row on rounded 
process, asymmetrical pair of posteriorly 
directed lamelliform processes at base of 
paired gonopores located beneath the gen- 
ital operculum (Fig. 7B), left process longer 
and thicker, and pair of posteroventral spi- 
nulose hair-sensilla (Fig. 7C). Urosomite 3 
with minute posterodorsal setules. Urosom- 
ites and caudal rami in the proportions 31: 
18:18:11:22 = 100. Antennule (Fig. 5E) 
with several fine anterior spinules on seg- 
ment 1 . The labrum (Fig. 8A) bilobed, each 
lobe with relatively long setules. Leg 5, 
posterior view (Figs. 5D, 8B), distomedial 
corners of coxae slightly rounded, disto- 
medial corner of left basis produced and bi- 
furcate, right smooth and less produced 
with pair of small setae at produced corner. 
First exopod segment with row of fine spi- 
nules along medial margin, and triangular 
patch of acute spinules (Fig. 8B) at disto- 
lateral corner. Second exopod segment with 
proximolateral fine setules proximal to 
spine. 

Male (Fig. 6A-B, Table 1) prosome sim- 
ilar to that of female, except pedigerous so- 
mite 5 with rounded posterolateral corners. 
Urosomites and caudal rami in the propor- 
tions 16:18:18:18:12:18 = 100. Right an- 
tennule geniculate (Fig. 6E). Leg 5, poste- 
rior view (Figs. 6C, 8C), right leg: basis 
with endopod inserted anteriorly (Fig. 6D), 
short, tapering distally with terminal spini- 
form setule. Exopod segment 1 quadrate, 
acutely produced at distal corners, with 1 
distomedial spine adjacent to base of exo- 
pod segment 2, 1 medial and 2 surface se- 
tae, distolateral corner acute with small spi- 
nule. Exopod segment 2 elongate, with 
small medially directed spinule at mid- 
length and 1 surface seta, distolateral spine 
3 4 length of segment (inserted anteriorly). 
Left leg: basis with anteriorly inserted en- 
dopod (Fig. 6D), bulbous at base, indented 
at midlength, and with distal digitform pro- 
cess. Exopod segment 1 triangulate with 



large terminal stout recurved spine strongly 
spinulose. Exopod segment 2 inserted an- 
teriorly, somewhat ovate, medially directed 
at right angle, distally acute, with 4 trian- 
gular sclerotized medial processes, 6-7 sur- 
face setules and thickened along midlength, 
(anterior surface with proximolateral stout 
spinulose spine, proximomedial patch of 
fine setules, and second lateral patch along 
midlength). 

Remarks . — Specimens collected from 
Phuket, Thailand, generally agree with the 
original description of Pillai (1980) for ma- 
terial from Port Blair, South Andaman Is- 
land, except as follows (descriptions in pa- 
rentheses are those of Pillai). Female uro- 
some somite 3 with fine dorsal setules (2 
spines on mid-dorsal margin); anal somite 
without row of small triangular scale-like 
spines along posterior margin (with finely 
serrated shields, partly overlapping caudal 
rami anteriorly). Male genital somite 
smooth on left side (with small tubercle on 
left mid-margin); three segments of right 
antennule beyond geniculation (only 2 seg- 
ments beyond hinge); right leg 5 endopod 
tapering distally, with terminal spiniform 
seta (bifid at tip). 

Discussion 

Female genital structure . — The female 
genital systems of calanoid copepods have 
recently been analysed in detail by Cuoc et 
al. (1989, 1997), Huys & Boxshall (1991), 
Ohtsuka et al. (1994), Barthelemy et al. 
(1998a,b), Barthelemy (1999) and Defaye 
et al. (2000) in order to re-evaluate the sys- 
tematics, phylogeny, and evolution of the 
order Calanoida. Scanning electron micros- 
copy has clearly revealed that these cope- 
pods are much more diversified than pre- 
viously reported, and distinctly exhibit sev- 
eral evolutionary tendencies. For example, 
most of relatively advanced calanoids bear 
a single genital operculum, beneath which 
paired gonopores and copulatory pores are 
located, while the early divergent superfam- 
ily Arietelloidea shows a wide variety of 
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Fig. 5. Pseudodiaptomus andamanensis, female (A-E). A, Habitus, dorsal view; B, Habitus, right lateral 
view; C, Genital double somite, ventral view; D, Leg 5, posterior view; E, Antennule; F. Antennular segment 
19 specialized seta. Scale bars: A-B, scale = 1.0 mm, C-E, scale = 0.1 mm, F, scale = 0.05 mm. 
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Fig. 6. Pseudodiaptomas cmdamanensis , male (A-E), A, Habitus, dorsal view; B. Habitus, right lateral view; 
C, Leg 5, posterior view; D, Leg 5, anterior view; E, Antennule. Scale bars: A-B, scale = 1.0 mm. C-E, scale 
= 0.1 mm. 



VOLUME 1 15, NUMBER 3 



661 




Fig. 7. Pseudodiciptomus andamanensis, female (A-C). A, Genital double somite, ventral view, genital atri- 
um indicated by large arrow, left hair-sensillum by small arrow; B, Genital double somite, ventral view, mag- 
nified, (g) genital operculum, genital atrium indicated by large arrow; spermatophore remnant to the right of 
arrow; C, Genital double somite, ventral view of left hair-sensillum (magnification of A, indicated by small 
arrow). Scale bars: A-B, scale = 0.1 mm, C, scale = 0.01 mm. 
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Fig. 8. Pseudodiaptomus cmdamanensis , female (A-B). A, Labrum, ventral view; B, Leg 5, distolateral view 
of first segment; Male C, Leg 5, posterior view. Scale bars: A-C, scale = 0.1 mm. 
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Table 2. — Number of egg-sac(s) for the species groups of Pseudodiciptomus. 



Species group 


No. of egg-sac(s) 


References 


Nudus 


single 


Walter (1989): present study 


Americanus 


paired 


Walter (1989); present study 


Burckhardti 


unknown 




Improcerus 


single (mostly) 


Grindley (1963), present study 




paired (P. pauliani ) 


Dussart (1982) 


Lobus 


paired 


Soh et al. (2001); present study 


Hyalinus 


single 


Ohtsuka et al. (2000); present study 


Ramosus 


single 


Soh et al. (2001); present study 



evolutionary trends (Ohtsuka et al. 1994, 
Cuoc et al. 1997). The superfamily Centro- 
pagoidea, which includes the families Pseu- 
dodiaptomidae and Acartidae, exhibits a 
similar genital system pattern, with the ex- 
ception of the genus Acartia (Barthelemy 

1999) . The centropagoid egg-laying ducts 
typically open via an adjacent pair of gon- 
opores into the genital atrium, which is cov- 
ered with a single genital operculum and 
opens to the outside through a distal atrial 
slit; there are no seminal receptacles (Bar- 
thelemy et al. 1998a). Light and scanning 
electron microscopic observations (Ohtsuka 
et al. 2000, Soh et al. 2001, present study) 
suggest that pseudodiaptomids are similar 
to this pattern of the Centropagoidea. How- 
ever, the paired genital flaps flanking the 
genital operculum and the combination of 
single or paired egg sacs appear to be 
unique for species of the Pseudodiaptomi- 
dae. Species of Diaptomidae, Eurytemora 
(Temoridae), Boeckella, and Osphranticum 
labronectum Forbes, 1882 (Centropagidae) 
carry only one egg-sac and lack genital 
flaps in the female (Huys & Boxshall 1991, 
Barthelemy et al. 1998a). Genital flaps of 
Pseudodiaptomidae may play a role in the 
formation and guidance of the egg-sac(s) 
after eggs are released from the genital atri- 
um or the gonopores. For example, the gen- 
ital flaps of the Hyalinus species group 
(Walter 1984, 1986a, 1987; Ohtsuka et al. 

2000) are typically long and spiniform pro- 
cesses that taper distally at the tip. They 
may be analogous to the ovigerous spines 
of monstrilloids on which one or more egg 



masses are attached (Huys & Boxshall 
1991). The morphology of the female gen- 
ital double somite of Pseudodiaptomus ap- 
pears to be species-specific and should 
prove useful for the taxonomy of the genus. 
Features that are significant are symmetry 
of the genital structures; relative position of 
the paired gonopores; presence or absence 
of a genital operculum; shape of genital 
flaps; and number and distribution of swell- 
ings, prominences, and hair-sensilla (Oht- 
suka et al. 2000, Soh et al. 2001, present 
study). 

Females of some species of Pseudodiap- 
tomus carry only a single egg-sac, while 
others carry a pair. The number of egg-sacs 
(Table 2) appears constant within six of the 
seven pseudodiaptomid species-groups, es- 
tablished by Walter (1986a). A single egg- 
sac is found in the Nudus, Hyalinus, and 
Ramosus groups; paired egg sacs are found 
in the Americanus and Lobus groups. The 
Improcerus group contains both with P. 
pauliani Brehm, 1951 bearing paired egg- 
sacs in contrast to the others with a single 
one; the number of egg-sacs of P. anda- 
manensis or P. batillipes Brehm, 1954 is 
not known. Comparison of SEM ventral 
views of the female genital double somite 
of P. ornatus and P. andamanensis (Impro- 
cerus group: Fig. 3A, Fig. 7A, respective- 
ly), P. clevei A. Scott, 1909 (Nudus group: 
Fig. 9E— F), P. trihamatus Wright, 1937 and 
P. bowmani Walter, 1984 (Hyalinus group: 
Fig. 10A, Fig. 10B, respectively), P. nihon- 
kaiensis Hirakawa, 1983 and P. marinus 
Sato, 1913 (Ramosus group: see Soh et al. 
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Fig. 9. Pseudodiaptomus inopinus, female (A-B). A, Genital double somite, ventral view; B, magnification 
of same view; Pseudodiaptomus anncmdalei , female (C-D). C, Genital double somite, ventral view; D, magni- 
fication of same view; Pseudodiaptomus clevei , female (E-F). E, Genital double somite, ventral view; F, mag- 
nification of same view. Scale bars: A-F, scale = 0.1 mm. 



2001, Fig. 8 A, Fig. 8B, respectively) show 
that these species have a genital operculum 
and a single egg-sac. Three species of the 
Lobus group, P. inopinus Burckhardt, 1913, 
P. anncmdalei Sewell, 1919 (Fig. 9A-B, 
Fig. 9C-D, respectively), and P. poplesia 
(Shen 1955) (see Soh et al. 2001, Fig. 



3A,B) do not have a genital operculum and 
have paired egg sacs, thus suggesting that 
the presence or absence of a genital oper- 
culum covering the paired gonopores is cor- 
related the number of egg-sacs. In the spe- 
cies (or groups) with a single egg-sac, the 
genital operculum is present and the paired 
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Fig. 10. Pseudodiaptomus trihamatus, female A, Genital double somite and second urosomal segemt, ventral 
view; Pseudodiaptomus bowmani, female B, Genital double somite, ventral view. Scale bars: A-B, scale = 0.01 
mm. 



genital flaps, which are expansions of the 
opercular pad (Cuoc & Defaye, pers. 
comm.), partially or completely cover the 
gonopore. The two strings of eggs are re- 
leased from the gonopores into a single 
egg-sac within the genital atrium. In con- 
trast, when the paired gonopores are ex- 
posed and there is no distinct genital oper- 
culum, as in P. inopinus and P. poplesia, 
the two strings of eggs are released from 
the gonopores directly into paired egg-sacs 
which may be modified. An example of 
modified egg sacs are those of P. annan- 
dalei which are lateral in position, as con- 
trast to P. inopinus and P. poplesia which 
are ventrolateral. The paired genital flaps of 
P. annandalei are close to each other me- 
dially, but laterally they expand beyond the 
lateral margin of the genital double somite. 
This arrangement seems to result in two lat- 
eral egg-sacs separated by a slit between the 
somite and the flaps. In addition, the dis- 
tance between both gonoporal slits may be 
related to the number of egg sacs in pseu- 



dodiaptomids (Cuoc, pers. comm.). The ab- 
sence of a genital operculum is found also 
in a monotypic genus Sulcanus in the cen- 
tropagoidean family Sulcalidae (Barthele- 
my et al. 1998a). So the absence of a genital 
operculum in some may have evolved con- 
vergently within the Centropagoidea. 

Zoogeography of Indo-West Pacific spe- 
cies. — Sewell (1956), Grindley (1984), 
Madhupratap & Haridas (1992) and Walter 
(1986b) inferred on the basis of the present 
distribution and the plate tectonics that the 
ancestors of Pseudodiaptomus may have 
originated in the Cretaceous and spread 
through the Tethys Sea. In contrast, the cla- 
distic analysis of Ohtsuka & Reid (1998) 
strongly suggests that another brackish/ 
coastal calanoid genus Tortanus , which has 
almost the same distributional pattern as in 
Pseudodiaptomus (Indo-West Pacific plus 
western Atlantic, lacking completely in the 
northeastern Atlantic), could have originat- 
ed from the Indo-Malayan region after the 
closure of the Tethys Sea (Miocene). They 
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Table 3. — Distributional patterns for Indo-West Pacific nominal species of Pseudodiaptomus. Type I: wide 
distribution of the Indo-West Pacific; Type II: confined distribution mainly or restrictedly in the Indian Ocean; 
Type III: confined distribution mainly or restrictedly in the West Pacific. 



Species group 


Distributional type 


Species 


Nudus 


Type I 


P. clevei 


Burckhardti 


Type I 


P. burckhardti 


Improcerus 


Type II 


P. andamanensis, P. batillipes, P. hessei, P. pankajus, P. pauliani, 
P. stuhlmanni 




Type III 


P. ornatus 


Lobus 


Type I 


P. annandaelei, P. tollingerae 




Type II 


P. binghami, P. lobipes, P. malayalus 




Type III 


P. brehmi , P. bulbosus, P. forbesi, P. inflatus , P. inopinus, P. inopinus 
saccupodus, P. poplesia, P. poppei, P. spatulatus, P . smithi 


Hyalinus 


Type I 


P. aurivilli, P. baylyi, P. mertoni 




Type II 


P. bowmani, P. compactns, P. occidentalis, P. sewelli 




Type III 


P. bispinosus , P. dauglishi, P. griggae, P. incisus, P. trihamatus 


Ramosus 


Type II 


P. ardjuna, P. hickmani, P. hypersalinus, P. jonesi , P. salinus, 
P. serricaudatus 




Type III 


P. australiensis, P. caritus, P. colefaxi, P. cornutus, P. diadelus, 

P. galleti, P. inflexus, P. ishigakiensis, P. marinus * P. nihonkaiensis, 
P. pacificus, P. philippinensis 


Unassigned 


Type II 


P. heterothrix, P. masoni, P. nankauriensis 




Type III 


P. bulbiferus 



* The species assigned to P. marinus from the Andaman Sea and Mauritius is suggested to be another species. 



also noted that, the northwestern Atlantic 
subgenus Acutanus is one of the last off- 
shoots of the five subgenera. Although a 
strict cladistical analysis has not yet been 
employed for the members of Pseudodiap- 
tomas , apomorphies of the American spe- 
cies group (Walter 1989) such as the ab- 
sence of a right endopod of male leg 5 and 
the asymmetry of caudal rami support the 
idea that the American species could have 
derived from an Indo-West Pacific ancestor. 
The ancestor could have been introduced to 
the western Atlantic via passages in the 
middle and northern South America before 
the closure of these passages (Pliocene), as 
has been proposed for the evolution of Tor- 
tanus by Ohtsuka & Reid (1998). This sce- 
nario can be applicable to the history of one 
of the pseudodiaptomid species groups, the 
Nudus group, which is unique in that it is 
comprised of only two species lacking both 
right and left endopods on male leg 5, an 
Indo-West Pacific species, P. cl eve i and a 
South American species, P. gracilis (Dahl, 
1894). One-way transoceanic dispersal 



from the Indo-Malayan to the western At- 
lantic in the Miocene and Pliocene for non- 
copepods is also suggested for a pelagic 
shrimp Acetes (van der Spoel 1983). 

Extant species of Pseudodiaptomus have 
a worldwide distribution and include 74 
nominal species at present. Among them 58 
species have been recorded from the Indo- 
West Pacific. A recent paper discussed the 
zoogeography of Pseudodiaptomus species 
occurring in the Gulf of Thailand and the 
Andaman Sea (Ohtsuka et al. 2000) and in- 
troduced three basic types of distribution 
patterns for the Indo-West Pacific species of 
Pseudodiaptomus. The boundaries for the 
patterns are based on general geographical 
concepts: Type I — wide distribution in the 
Indo-West Pacific; Type II — confined dis- 
tribution mainly or restrictedly to the Indian 
Ocean (some species extending to southern 
Africa); Type III — confined distribution 
mainly or restrictedly to the West Pacific 
(Table 3); species synanthropically intro- 
duced outside their original habitat are ex- 
cluded from Table 3 [P. marinus in Hawaii, 
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U.S.A. (Jones 1966), P. mcirinus and P.for- 
besi (Poppe & Richard 1890) in California, 
U.S.A. (Orsi & Walter 1991), P. inopinus 
in Washington and Oregon, U.S.A. (Cordell 
et al. 1992), and P. trihamatus in Brazil 
(Medeiros et al. 1991)]. 

Remarkable climatic or hydrological 
events in East and Southeast Asia such as 
regressions, upwellings, and inflows of 
freshwaters during the Pleistocene glacial 
periods could have caused the speciation of 
parts of Indo-West Pacific species of Pseu- 
dodiaptomus, as hypothesized for the spe- 
ciation mechanisms of a pontellid species 
group, Labidocera pectinata group (Fle- 
minger 1986) and of a Tortanus subgenus 
Eutortanus (Ohtsuka et al. 1992, Ohtsuka 
& Reid 1998). Two possible explanations 
for the present wide distribution for the 
Type I group species are: the species may 
have been broadly distributed throughout 
the Indo-West Pacific without any subse- 
quent speciation, or their ancestors could 
have been isolated in either the Indian 
Ocean or the West Pacific by the events 
during glacial periods which then caused 
speciation, and subsequent generations may 
have rapidly extended their distribution 
from one side to other of the Indo-West Pa- 
cific region. The second possibility would 
hopefully be disclosed by future cladistic 
and molecular analyses. The speciation of 
the present tropical pseudodiaptomids in the 
Indo-Malayan region (belonging to Types II 
and III) is primarily ascribed to reduction 
of eustatic sea level changes around the 
Indo-Australian region during the glacial 
periods, which could have acted as a dis- 
tinct barrier between the Indian and the 
West Pacific populations (Fleminger 1986). 
The ancient East China Sea, existed as a 
huge gulf during the Pleistocene, could also 
have caused secondary speciation of mem- 
bers of the Lobus species group which fall 
into the Type III distribution pattern. Vi- 
cariance between the Indian and the West 
Pacific may have occurred within each of 
the lmprocerus, Lobus, Hyalinus and Ra- 
mosus groups, because these species groups 



contain both Types II and III representa- 
tives. 
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